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INTRODUCTION
Cerebral palsy (CP) refers to a group of permanent motor disorders attributed to a non-progressive lesion that occurs in the immature brain. 1 Children with CP have various degrees of impairment of movement and posture, which can limit physical
MATERIALS AND METHODS

Participants
Children with spastic CP who met the inclusion and exclusion criteria were recruited for this study. The inclusion criteria were as follows: 1) age 3 to 12 years, 2) body weight less than 40 kg, and 3) gross motor function classification system (GMFCS) level I to IV. The exclusion criteria were as follows: 1) chemodenervation therapy in the previous 6 months, 2) selective dorsal rhizotomy within the past year, 3) moderate to severe intellectual disability, 4) uncontrolled seizure, 5) poor visual or hearing acuity, and 6) previous participation in hippotherapy or THR.
We asked the parents of the recruited children who met inclusion and exclusion criteria whether they desired hippotherapy for their children and could feasibly attend riding sessions. The parents of 45 children agreed to participate. During this study, 5 children dropped out for various reasons, such as acute illness or injury unrelated to hippotherapy. Another 6 children did not complete the Gross Motor Function Measure (GMFM) assessment after hippotherapy. Thus, data from a total of 34 children (15 boys and 19 girls) were used to investigate the effects of hippotherapy.
As controls, we recruited 21 children with CP who were waiting to begin hippotherapy or whose parents could not attend hippotherapy for various reasons such as scheduling problems. The children in both experimental and control groups had been attending a 30-minute session of outpatient physical and occupational therapy once a week. This study was approved by the Institutional Review Board and Ethics Committee of Severance Hospital (# 4-2010-0069).
Sample size
Sample size was selected on the basis of a previous report by Sterba, et al., 17 which demonstrated significant gains in GMFM scores after horseback riding therapy in children with CP. A sample size of 13 would achieve 80% power to detect a difference of 8.6 with a known standard deviation of 11 and with a significance level (α) of 0.05 using a twosided one-sample t-test. Assuming a 20% loss to follow-up, at least 19 children were needed for each group.
Outcome measures
The GMFM and the Pediatric Evaluation of Disability Inventory-Functional Skills Scale (PEDI-FSS) were selected as outcome measures because both are commonly used in chilactivity and participation in daily life. 2, 3 Two types of horseback riding therapy are widely available: hippotherapy and therapeutic horseback riding (THR). In hippotherapy, a physical or occupational therapist controls the horse to influence the child's posture, balance, coordination, strength and sensorimotor systems while the child interacts with the horse and responds to the movement of the horse. [4] [5] [6] In contrast, THR is led by a trained riding instructor with the child actively controlling the horse as a form of exercise to improve coordination, balance and posture, and to encourage development of sensory and perceptual motor skills. 5, 7, 8 Although there are some differences between hippotherapy and THR, their therapeutic goals are essentially the same for children with CP. The warmth and shape of the horse and the rhythmic, three-dimensional movement of horseback riding are believed to improve the flexibility, posture, balance and mobility of the rider.
The potential for horseback riding therapy to promote gross motor function in children with CP has been investigated previously with mixed results. Some reports demonstrated the benefits of horseback riding therapy on reducing abnormal tone, promoting motor performance, creating symmetric alignment and improving postural awareness, gait and mobility. [9] [10] [11] [12] However, other reports found no significant effects of horseback riding therapy. 10, [13] [14] [15] This discrepancy of results may be due to differences in study design, participant characteristics and functional level, sample size, and intensity and duration of therapy given. Most studies on this subject had small sample sizes, ranging from 3 to 17 cases without control groups for comparison. 5 There are, however, two randomized controlled trials with 72 participants and 19 participants, respectively. However, both found no significant benefits of horseback riding therapy for children with CP. 10, 13 A published meta-analysis concluded that there was insufficient evidence to support the benefits of horseback riding therapy on gross motor function. 16 Despite this lack of consistent evidence on the benefit, horseback riding therapy is often recommended by clinicians for children with CP to improve gross motor function. Further evidence is required to support this practice. In addition, the ultimate therapeutic goal for children with CP is to enhance functional performance in daily life. However, the effects of horseback riding therapy on functional performance in particular have rarely been studied. Therefore, the aim of this study is to evaluate the effects of additional hippotherapy on gross motor function and functional performance in daily life of children with CP. the parent or caregiver. All items were checked as either capable (score 1) or unable (score 0). No items were left blank. Both the GMFM and PEDI-FSS were assessed within the week before and again within 2 months after completion of the 8-week intervention in both groups.
Hippotherapy
On review of the literature, hippotherapy intervention protocols vary between studies in intensity and duration. In the studies cited, session length ranged from 30 minutes to 1 hour with a frequency ranging from 1-2 sessions per week and the total duration of horseback riding ranged widely from 8 min and 26 hours. According to a recent systematic review, a weekly 45-min session of either THR or hippotherapy for 8-10 weeks was correlated with positive effects on gross motor function in children with CP. 5 Given these results, we administered 45-minutes sessions twice per week for 8 weeks in this study.
Hippotherapy was performed at the riding center in Seoul Race Park of the Korea Racing Authority. The sessions were conducted by a trained occupational therapist accredited by the American Hippotherapy Association while the horse was led by a trained assistant. A volunteer walked along either side of the horse to assist the child. The therapist followed target objectives aimed to develop the child's sensorimotor and perceptual-motor skills. The child was seated astride the horse wearing a helmet and was encouraged to perform various activities designed to emphasize movement in a forward and upward reaching direction to encourage active postural control, trunk strength, balance and trunk/pelvic dissociation.
Statistical analysis
Statistical analysis was performed using SPSS 19.0 for Windows (SPSS Inc., Chicago, IL, USA). The independent t-test was used to compare the difference in mean age between groups. The chi-squared test was used to compare the differences in distributions of GMFCS level and age between groups. Paired and independent t-tests were used to assess differences within and between groups, respectively. A pvalue less than 0.05 was considered statistically significant.
RESULTS
Patient characteristics are summarized in Table 1 . Of the 34 children in the intervention group, 32 had bilateral spastic dren with CP 18 and meet the criteria for reliability and validity with respect to responsiveness to change. 19 The GMFM assesses the capacity of the International Classification of Function (ICF), while the PEDI-FSS measures performance in functional activities of daily life. When used together, the GMFM and PEDI provide a comprehensive picture of a child's functional abilities at the ICF activities level.
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Primary outcome measure The GMFM is a tool used to measure the child's capacity for gross motor function. Capacity refers to a person's underlying ability to perform in a standardized environment. 20 It has been widely used to measure changes in gross motor function over time and the effectiveness of interventions. Items on the GMFM-88 are grouped into five dimensions: A: lying and rolling (17 items); B: sitting (20 items); C: crawling and kneeling (14 items); D: standing (13 items); and E: walking, running and jumping (24 items). The GMFM-66 was developed using Rasch analysis of the GMFM-88, whereby 22 of the original 88 items were deleted to improve reliability and validity. 21 Of the 22 items deleted, 13 were from the lying and rolling dimension, 5 were from the sitting dimension and 4 were from the kneeling and crawling dimension. The GMFM-66 represents the unidimensional construct of gross motor ability according to task difficulty and thus is recommended for research purposes when comparing changes in gross motor function over time in children with CP. 22 However, the GMFM-66 is much less useful when scoring children with a severe disability. 23 Therefore, both the GMFM-66 and GMFM-88 were used to assess gross motor function in this study.
Secondary outcome measure
The PEDI is an internationally recognized, validated parental report measure used for assessing a child's capability and performance in daily life. Capability describes what a person potentially can do, whereas performance describes what a person actually does in their environment. 20 Capability is measured by identifying mastery of functional skills in three domains: self-care, mobility and social functioning. Performance is measured by parental reports of whether the child is capable of performing each of 197 tasks in these 3 domains in daily environments, such as home and kindergarten or school. 18 In this study, we used only the PEDI-FSS to measure the child's actual performance in those three domains. The PEDI-FSS evaluation was performed by trained occupational therapists through a structured interview with of any domain between groups. After the 8-week intervention, significant improvements in the total score and the sub-scores of all 3 domains were achieved in the hippotherapy group, but not in the control group. In addition, changes in the total score and sub-scores of all 3 domains after the 8-week study period were significantly greater in the hippotherapy group than the control group (Table 3) .
DISCUSSION
The GMFM is commonly used to measure changes in gross motor function as a result of horseback riding therapy. Previous studies have used the total or dimension scores of the GMFM-88 more often than the GMFM-66. 11, 13, 14 Repeated measures analysis among participants demonstrated significant gains in GMFM-88 scores after horseback riding therapy in most published studies. 11, 17, 24 In contrast, two randomized controlled trial (RCT) studies did not demonstrate any significant gains in the GMFM-88 or GMFM-66. 10, 13, 14 In our study, significant gains in the GMFM-88 and GMFM-66 were demonstrated in both groups. In children with CP, the most rapid improvements in GMFM scores occur during the first 4 years of age, with children reaching a plateau between 5 and 6 years, depending on the severity CP and 2 had unilateral CP. There was no significant difference in mean age, distribution, or GMFCS level between groups. Young children aged 3 to 7 years comprised 22 individuals in the hippotherapy group and 10 in the control group. The proportion of younger or older children was not significantly different between groups.
At the initial baseline evaluation, there were no significant differences in total GMFM-66 or GMFM-88 score between hippotherapy and control groups. However, GMFM-88 scores in the B and C dimensions were significantly higher in the hippotherapy group than the control group. After the 8-week intervention, both GMFM-66 and GMFM-88 scores were significantly improved in both groups. The improvements in GMFM-66 scores were significantly greater in the hippotherapy group than in the control group. GMFM-88 scores were significantly improved in all dimensions in the hippotherapy group, but only in dimension B in the control group. Changes in dimension E of the GMFM-88 over the course of the study were significantly greater in the hippotherapy group than in the control group (Table 2) .
PEDI-FSS evaluations were missing in 6 children in the hippotherapy group because their parents could not be interviewed for various reasons. Thus, PEDI-FSS was assessed in 28 children in the hippotherapy group and 21 in the control group. At the initial baseline evaluation, there were no significant differences in total score or sub-scores CP. Unfortunately, however, the sample size of our study was too small to divide into groups according to GMFCS level, thus preventing us from analyzing changes in the GMFM according to functional level. Further study is warranted with larger sample sizes to explore changes in gross motor function according to GMFCS level. The PEDI-FSS has been widely used to evaluate the daily functional performance of children with CP. 18 The PEDI is intended for children up to 7.5 years of age, but this can be extended to children with functional disabilities. 26 In our study, the PEDI-FSS was used to measure the actual performance in daily life of children older than 7.5 years. On review of the literature, the PEDI was used as an outcome measure in only one study by Casady and Nichols-Larsen. 11 In that study, significant improvement was found in the total PEDI score as well as its 3 domains of self-care, mobility and social functioning. However, the small sample size (n=10), lack of a control group and large variability in the frequency of physical, occupational and speech therapy (none-10 weeks) limits the applicability of these results.
Our study demonstrated significant improvements in all 3 PEDI domains of self-care, mobility and social functioning in the hippotherapy group, but not in the control group. These findings suggest some positive effects of hippotherapy on the child's actual performance in daily life. The mobility domain is closely related to gross motor function based on GMFCS level, 27 while the self-care domain is related to both GMFCS level and hand function based on Manual Ability Classification System score. 28 According to a previous report, hippotherapy improved dynamic trunk stability and functional reach in children with spastic diplegia. 12 Those beneficial effects of hippotherapy seem likely to contribute the significant gains of self-care and mobility domains in our study.
The social functioning domain is influenced by various factors such as education, socioeconomic status, cognition, communication abilities and motor function. 27 The opportunity to use or practice communication, listening and language of their disability. 1 A proportion of children in each group were aged from 3 to 7 years, making it possible that gains were naturally occurring. In the present study, however, the significantly greater gains in GMFM-66 score and dimension E of GMFM-88 in the hippotherapy group suggest the beneficial effects of hippotherapy on gross motor function.
Of the previous studies showing significant gains in the GMFM, 3 studies reported significant improvement only in dimension E 17, 24, 25 and one study reported significant gains in all dimensions except A. 11 The dimension of GMFM improved by horseback riding therapy may vary according to the initial functional level of participants. To the best of our knowledge, only 5 reports have been published describing the GMFCS level of participants. [13] [14] [15] 17, 25 Among those studies, the GMFM was used as an outcome measure in 3 studies. 13, 17, 25 A RCT study in which all participants were at GM-FCS level I to III 13 did not find any significant improvements in the intervention group compared to controls. In contrast, a repeated measure within-participant study reported significant gains in total GMFM-88 and dimension E scores. 17 In that study, 12 of the 17 participating children were GMFCS level I to III and only 5 were level IV to V. Another study in which all participants were GMFCS level I to II reported significant improvements in GMFM dimension E in the hippotherapy group, compared to control group. 25 These cumulative data suggest that horseback riding therapy leads to improvements in dimension E of the GMFM, especially in higher functioning children.
Our study demonstrated significantly greater improvement in GMFM-66 and dimension E scores in the hippotherapy group and no significant difference in GMFM-88 scores gains between groups. The deletions from the GMFM-88 to create the GMFM-66 (13 items from dimension A, 5 items from dimension B and 4 items from dimension C) may have influenced the greater gain observed in GMFM-88 dimension E and GMFM-66 in the hippotherapy group. Our findings are consistent with the hypothesis that hippotherapy is more beneficial in higher-functioning children with 20, 29 The significant PEDI gains suggest that hippotherapy enhances the child's motivation and willingness for participation in an activity. 11 Although functional level may affect the gross motor outcome after hippotherapy, our sample size was insufficient to group children according to GMFCS level. This stratification would be important to select children who would benefit most from the therapy. In addition, the benefits of hippotherapy on the GMFM observed in our study were modest. This may be due to the wide range of functional disability levels of the participants.
Although there was no significant difference in mean age between groups, nor in the ratio of younger to older children between groups, the proportion of children aged from 3 to 7 years was slightly higher in the hippotherapy group, which may have biased the results. Age likely affects gross motor improvements, as young children may have greater potential for improvement. Further study is needed to examine the effect of age on positive gains in hippotherapy.
Another limitation of our study is that we did not control extraneous therapeutic interventions except physical and occupational therapy. We also did not control for socioeconomic status, cognition or communication level. Each of these factors could affect PEDI scores. Further research is needed to ascertain the effect of hippotherapy on PEDI scores.
In conclusion, hippotherapy has become a popular modality for children with CP that is believed to enhance gross motor function, although there is insufficient evidence to support its benefits. This study has demonstrated modest but significant benefits in gross motor function over physical and occupational therapy, indicating that its clinical application in this area may be limited. The relatively greater improvements in PEDI scores observed suggest that hippotherapy helps children to engage more meaningfully in the functional activities of daily life. Investigation is warranted into the effects of hippotherapy on the child's self-confidence, motivation and other emotional areas. Further studies to determine who would benefit most from hippotherapy would be useful to expand the use of hippotherapy as a therapeutic intervention to maximize gross motor function and functional performance in children with CP.
